AMERICAN SOCIETY 


ENGINEERS 
APRIL, 1955 


STUDY THE BEHAVIOR LARGE 
I-SECTION CONNECTIONS 


Munse, Jr., ASCE 


STRUCTURAL DIVISION 


{Discussion open until August 1955} 


Copyright 1955 the American Society Civit 
Printed the United States America 


Headquarters the Society 
39th St. 
New York 18, 


PRICE $0.50 PER COPY 


659 
VOLUME SEPARATE No. 659 
of SOCIETY OF 4 
ENGINEERS 


PRICE 


THIS PAPER 


--represents effort the Society deliver 
technical data direct from the author the 
reader with the greatest possible speed. Tothis 
end, has hadnone the usual editing required 
more formal publication procedures. 


ing current papers. For this paper the final 
date which discussion should reach the 
Manager Technical Publications appears 
the front cover. 


Those who are planning papers discussions 
for “Proceedings” will expedite Division and 
Committee action measurably first studying 
“Publication Procedure for Technical Papers” 
(Proceedings Separate No. 290). For free 
copies this Separate—describing style, con- 
tent, and format—address the Manager, Techni- 
cal Publications, ASCE. 


Reprints from this publication may made 
condition that the full title paper, name 
author, page reference, and date publication 
the Society are given. 


The Society isnot responsible for any statement 
made opinion expressed its publications. 


This paper was published 1745 State Street, 
Ann Arbor, Mich., the American Society 
Civil Engineers. Editorial and General Offices 
West Thirty-ninth Street, New York 18, 


Wi 
= 
| 
ipa 
a 
je 
ee & 
= 


$0.50 PER COPY 


STUDY THE BEHAVIOR LARGE I-SECTION CONNECTIONS 


Munse, Jr.3 A.M. ASCE 


SYNOPSIS 


The tests reported herein deal with the fundamental behavior several 
large structural truss-type I-section tension connections fabricated with 
either rivets high-strength steel bolts. 

Three specimens were tested; one was fabricated with hot-driven rivets 
while the other two were bolted. One the bolted specimens was assembled 
with hardened beveled washers against the sloping faces the I-beam 
flanges provide parallel bearing surfaces for the bolts, and the other was 
fabricated with only hardened flat washers under each nut and bolt head. 
This permitted the bolt shanks bend the fasteners were tensioned. 

study made the distribution stresses across the critical section 
the webs the I-section members. This makes possible estimate 
the effectiveness the component parts each I-section resisting the 
plied load. 


INTRODUCTION 


With the advent the high-strength steel means fabricating 
steel structures, number new problems arose. The holes bolted con- 
nections are normally 1/16-in. larger than the nominal size the bolts, 
while riveted connections the driven rivets are assumed fill the holes. 
Therefore, the manner which the load transmitted through long struc- 
tural connection fastened with high strength bolts may differ considerably 
from that similar riveted joint. 

Beveled washers are now required for bolted connections standard 
I-sections.5 However, saving fabrication costs would realized the 
beveled washer could eliminated. Thus, this study was planned deter- 
mine the manner which the load resisted the critical sections the 
I-beam connections well study the effect the type fastener upon 
the behavior each member and its connections. 


Research Assistant Civ. Eng., Univ. Urbana, 
Formerely Research Assistant Civ. Eng., Univ. Ill., Urbana, 
Research Associate Prof. Civ. Eng., Univ. Urbana, 
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Bolts and Studs with Suitable Nuts and Plain Washers. 
Specifications for Assembly Structural Joints Using High Tensile Steel 
Bolts. Approved Research Council Riveted and Bolted Structural 
Joints the Engineering Foundation, February 1954. 
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Description Specimens and Tests 
General Description 


The specimens were tested 3,000,000 Southwark-Emery hydraulic 
testing machine Talbot Laboratory the University Illinois. One the 
specimens with all the instrumentation attached and ready for testing 
shown Fig. 

The three specimens, designated S-1, S-2 and S-3, were fabricated from 
18-in. I-section and 1/2-in. gusset plates shown Fig. 
Specimens S-1 and were fabricated with high strength steel bolts. Speci- 
men was assembled with hardened beveled washers between the heads 
the bolts and the 1:6 sloping faces the I-beam flanges provide parallel 
bearing surfaces for each bolt. Only flat hardened washers were used for 
Specimen Thus, the bolts Specimen S-2 were torqued, the bolt 
shanks were bent through angle approximately ten degrees the bolt 
heads were pulled into contact with the flat washers the sloping faces 
the flanges. 

The bolts for Specimens S-1 and S-2 were placed the specimens ac- 
cordance with the specification prepared the Research Council Riveted 
and Bolted Structural Joints. This specification provides for minimum 
tension clamping action 32,400 for 7/8-in. high strength bolts. 
The rivet and bolt holes for all three specimens were drilled 15/16-in. 
diameter with the gussets and I-beams securely clamped together assure 
perfect matching the holes. This contrast usual fabricating prac- 
tice where reamed punched holes would employed. However, was 
considered desirable eliminate the effects reaming and punching from 
these tests. From the results other tests made this laboratory, may 
inferred that the joint efficiencies would somewhat less for punched 
hole specimens the same design. 

The connections Specimen S-3 were fabricated with machine-driven 
rivets specified meet the requirements ASTM Designation: A-141. All 
contact surfaces were cleaned and wire-brushed remove loose mill-scale, 
burrs and rust prior the final assembly all three specimens. 


Mechanical Properties I-Section Material 


The average mechanical properties the I-section material 
termined laboratory tests standard flat coupon specimens are given 
the following table. These properties, general, met the requirements 
ASTM Designation: A-7 for “Steel for Bridges and Buildings.” 

may noted that the yield point and ultimate vary somewhat 
across the section. The toes the flanges and the center portion the 
webs such sections usually receive more cold-working the rolling 
process than the areas the junctions the web Conse- 
quently, typical most rolled sections this type, the highest yield 
point strengths were obtained coupons taken from the web and the toes 
the flanges. 


Instrumentation and 


Twenty-six SR-4 (type A-11, 1-in. gage length) wire-resistance strain 
gages were mounted each specimen. Eight the gages were located 
around the I-section the center each specimen indicate the uniformity 
with which the strain was distributed across the gross section. The re- 
maining gages were placed the web one end the specimen and 
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line with the first, third, fifth, and seventh transverse rows fasteners. 
was intended that these gages would indicate the manner which the strains 
were distributed across the web during the early stages each test and how 
the strains were redistributed when slip occurred the specimens. The 
positions and the reference numbers for all the strain gages are shown 
Fig. 


MECHANICAL PROPERTIES 
COUPONS FROM MATERIAL 


Location Yield Reduct. 

Coupon Point, Strength, Area, 

Section psi psi percent Percent 
S-A Toe-Flange 40,100 69,500 24.8 48.0 
S-C Toe-Flange 41,400 68,950 20.6 
Toe-Flange 68,400 28.7 
Toe-Flange 41,820 46.8 
Average 40,430 68,920 25.4 46.4 
S-H 300 29.9 49.1 
Average 29.4 48.1 
S-D Web 41,700 75,700 41.9 
S-E Web 74,200 26.7 42.0 
Web 25-1 42.9 
Grand Average 26.6 45.4 


Mechanical slip dials also were attached the gusset plates line with 
the fasteners selected positions shown Fig. Any differential 
movement between the gusset plates and the I-sections these positions 
was indicated the dials. 

Brackets were attached the gusset plates the outer rows fasteners 
each connection obtain the total extension each specimen. These 
measurements included the total slip the connection each end the 
specimen well the elongation the I-section between the connections. 

One end each specimen, within approximately 2-in. the transverse 
center-line, was covered with brittle coatings approximately hours before 
testing began. For Specimens S-1 and S-3, brittle lacquer (Stresscoat) 
was used two faces the lower joint and whitewash was used the re- 
maining areas. Only whitewash was used for Specimen S-2. These coatings 
were employed survey the distribution the strain the joints, locate 
points high stress concentrations, and detect differences the 
havior between the riveted and bolted specimens. 


Results Tests 


General Discussion Tests 


laboratory tests riveted and bolted structural joints, the holes the 
connected parts are generally closely aligned when the joints are assembled. 
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Consequently, when load magnitude sufficient exceed the frictional 
resistance the connection applied, the parts slip into bearing. most 
field connections, because the weight the members, least part 
the fasteners will bearing when assembled. For this reason, these 
laboratory tests provide the extreme limit slip that may realized 
this type bolted connection. This factor must taken into consideration 
when the results these tests are analyzed. 

The two connections Specimen S-1 (with beveled washers) slipped into 
bearing loads 364,000 and 368,000 lb. This corresponds average 
nominal shearing stress the bolts about 21,700 psi and average 
tensile stress the gross section the I-section about 23,000 psi. 
this load, the apparent coefficient friction, based the initial tension 
the bolts, averaged about 0.40. 

The slip the connections Specimen S-2 (plain hardened washers) was 
not consistent the slip Specimen S-1. Slip occurred the first 
connection Specimen S-1 368,000 but did not take place the 
second joint until the load reached 520,000 lb. These loads correspond 
nominal shearing stresses the bolts 21,800 and 30,900 psi respectively. 
apparent, therefore, that under normal working loads, bolted con- 
nections similar S-1 and S-2 would not expected slip into bearing; 
the load between the parts would carried virtue the frictional re- 
sistance between the connected parts. 

The riveted connection, Specimen S-3, did not exhibit sudden slip, but, 
the load was increased, the deformations the rivets, plates, and 
I-section increased. the early stages the test, below 300,000 the 
Slip the riveted joints was greater than that the bolted joints, but 
beyond the point major slip the bolted joints, the deformation the 
bolted joints was greatest. However, the highest loads, those approaching 
failure, the slip the three types connections did not differ greatly. 

indication the slip and general behavior the connections may 
obtained from Fig. This figure shows the average load-slip relationships 
that were observed the first rows fasteners the three specimens. 

comparison the load-slip data taken from the dials placed longi- 
tudinal lines the specimens indicate that each joint slipped unit; slip 
did not progress gradually along the length any joint. This very evi- 
dent the curves Fig. This figure shows the load-slip relationships 
for number the slip dials mounted longitudinal lines the upper 
joint Specimen S-1. this instance the joint slipped into bearing 
load 364,000 lb. The load-slip relationship then increased gradually 
general yielding the member and failure. 

The maximum load resisted Specimen S-1 was 798,000 the frac- 
ture this specimen shown Fig. may noted that the toes the 
flanges, the fracture section, showed considerable necking-down, but the 
remainder the section did not. The fasteners this fracture section 
were bent, but still intact. 

The maximum load resisted Specimen S-2 was 808,000 lb., and failure 
occurred through the critical net section the top joint shown Fig. 
Thus, the strengths the two bolted members were very nearly the same. 

When the load Specimen S-3 reached 760,000 lb. the rivets one 
gusset failed suddenly shear. After this initial shear failure, all the 
rivets this connection were removed, and the joint was reassembled with 
high strength steel bolts and beveled washers. The specimen was again 
loaded failure; the second riveted connection also failed shear after 
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maximum load 818,000 lb. had been reached. These failures correspond 
average shearing stresses the rivets 45,000 and 48,000 psi 
respectively. 

The second connection was then bolted with high strength steel bolts and 
beveled washers, the same manner the first joint, and third attempt 
made obtain tension failure. The maximum load sustained Specimen 
S-3 this third testing was 870,000 lb. The final fracture the specimen 
shown Fig. This fracture load considerably above that obtained 
for the two bolted members. However, must remembered that the ma- 
terial the connections had been subjected great deal cold working 
during the first two loadings when the rivets failed. 


Load-Strain Relationships 


The load-strain data indicate that major slip the joint had signifi- 
cant effect the load-strain relationships the webs the members. 
When bolted joint slipped, there was elastic restitution the strain 
gages, but when the load was again increased the preslip value, the 
Strains were also very near their preslip values. 

All the load-strain relationships for the gages located the center 
the I-section increased more less linearly load approximately 
600,000 after which yielding became rather general; however, these 
data indicate certain amount bending and twisting existed the flanges 
the members throughout the early stages loading. 


Brittle Lacquer Studies 


The sensitivity the lacquer used the brittle-coating studies was 
rather low. However, gave good indication the initiation yielding. 
During the testing Specimens S-1 and lines weredrawn the 

lacquer with grease pencil connecting the extremities the lacquer 
cracks designate the extent yielding. These lines were labeled with 
the load the specimen the time the lines were drawn. The crack ex- 
tremity outlines Specimen S-3 are shown Fig. for one gusset plate, 
and the web and one flange the member far loads 500,000 lb. The 
photograph Fig. shows the stress trajectories the web after the 
lacquer had been sensitized. 

The first cracks noted the lacquer Specimen S-3 were the toes 
the flanges the first row fasteners and the gusset plate the 
seventh row fasteners. These cracks indicated that local yielding began 
these locations about 240,000 lb. 


Residual Bolt Tensions 


The residual tensions the bolts Specimens S-1 and S-2 were de- 
termined after the specimens had failed. These average bolt tensions for all 
seven rows fasteners the volted specimens are shown Fig. 11. 

The average bolt tensions for the first row fasteners both specimens 
were small because the I-section material had necked-down fractured 
the bolt holes. Similarly, the residual tensions the seventh row bolts 
were low because necking had occurred the gusset plates these loca- 
tions. The maximum bolt tensions were obtained the central portions 
the connections. However, even these locations considerable loss 
tension was observed. 

interest note that the average residual bolt tensions were 
greater the S-2 specimen than S-1. Thus, the bolts the connections 
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without beveled washers appeared have greater percentage their 
initial clamping the end the test, than did the bolts the connections 
with the beveled washers. 


Analysis and Discussion Test Results 
Behavior the Specimens 


The fact that the bolts Specimen S-2 were bent, had consistent ef- 
fect the load which first major slip occurred; both bolted specimens 
(S-1 and S-2) exhibited first major slip about 366,000 lb. After this first 
slip occurred, the behavior the two specimens differed somewhat. How- 
ever, these differences the slip behavior affected only slightly the strains 
throughout the specimens, and had effect the ultimate strength the 
members. 

has been found that the reactions the bolts the gusset plates and 
the I-beams were inclined slightly the longitudinal axis the specimens 
failure. The impressions the bolt threads the holes and the elonga- 
tion the bolt holes after failure demonstrate this behavior clearly. the 
I-section, this straining was inclined toward the web and the gusset plates 
was away from the web center-line. Thus, appears that the fasteners 
had been pulled diagonally the flange during the tests. For the bolts with- 
out beveled washers, this apparently helped maintain the bolt tensions 
late the test. 

The brittle lacquer studies can used means estimating the 
stress concentration factor, the critical sections, for the initiation 
yielding. For all three specimens local yielding began the toes the 
I-section flanges the first transverse rows fasteners load ap- 
proximately 240,000 lb. average nominal stress the gross section 
the member about 15,000 psi. Then, since the average yield point 
stress for the material the toes the flanges was 40,400 psi the stress 
concentration factor found approximately 2.7. The stress concen- 
tration about 2.7 based the observed initiation yielding the edge 
the rivet head the first transverse row; however, yielding may have 
begun slightly earlier the edge the rivet hole. With further application 
load, the load plastic deformation would cause redistribution axial 
stress throughout the member and reduction the stress concentration. 


Computation Load Resisted the Webs 


the analysis the load-strain data, attempt was made ascertain 
how much the total load was resisted the webs the first rows 
fasteners. For this purpose the average strain distribution was determined. 
These average strain distribution diagrams are shown Fig. 12. 

When the distribution axial strain across the web known, the ap- 
proximate axial stress distribution may determined from the stress- 
strain properties the material. These axail stresses may then used 
estimate the total load carried the web. 

Specimen for example, consider the distribution strain (see 
Fig. 12) total load 300,000 lb. The “strain-area” (the area under 
the strain distribution diagram), for this load made the trapezoidal 
areas ABFC and BIKF. The sum these areas divided the web depth 
then equal the average strain the web the given load. 

The average stress may computed from the relationship, 
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Then the load carried the web is: 
(2) 
where, 
average unit strain the web 
modulus elasticity, assumed 30,000,000 psi 


average stress the web psi 
area the web sq. in. 


this basis the load resisted the web Specimen S-1 the first 
transverse row bolts was found 136,000 lb. total specimen load 
300,000 

the loads became higher, the axial strains the webs approached and 
then exceeded the yield point strains the web material. When the web 
strains gage exceeded the yield point strain was assumed that the 
material from that point out the nearest flange was stressed the yield 
point stress. The average variation yield point strain from the original 
coupon data has been plotted Fig. the strain distribution diagrams. 
Thus, total load 450,000 lb. the strain area for the web Specimen 
S-1 would the sum the areas LMQC, OPKR, and the two trapezoidal 
areas MNFQ, and NORF. Then, the same manner before, the load 
carried the web was found 269,000 lb., and the load carried the 
flanges 181,000 lb. 

the web and flange material Specimen S-1 had been strained the 
same extent, that uniformly, they would have resisted load proportion 
their respective areas (216,000 lb. inthe web). Then, both the flanges 
and the web would have been fully effective, 100 per cent effective, 
resisting the load. 

the present study the effectiveness the web has been computed 


follows: 100s 
Ww 
Web effectiveness, per cent (100) (3) 
Where 


load the specimen lb. 


gross area the section 


average stress the gross section psi 


When the web material is, part, strained above the yield point, the 
load carried the web may computed the basis yield point stress 
those areas which have yielded. This procedure was used determine 
the effectiveness the web material the specimens for loads 
about 500,000 lb. Beyond this load, the web material started strain- 
harden and the computed effectiveness the web may somewhat too low. 
However, the effect should not too great until most the material the 
section the strain-hardening state. Then the assumption that the web 
stressed the yield point stress level may considerably error. 

The variation approximate web effectiveness with load for the three 
specimens this study are shown Fig. 13. this figure may seen 
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that the behavior the three specimens differed somewhat the early 
stages the tests. the small loads, before local yielding slip oc- 
curred, the effectiveness the webs appeared depend the type 
fastener used the connection. the web Specimen the specimen 
with rivets, the strain gradient across the section was more uniform than 
for the bolted specimens and, result, the web was more effective re- 
sisting the applied loads than the case the other two specimens. The 
bolts the specimen with beveled washers, Specimen S-1, appeared 
distribute the load more than did the bolts the specimen with 
plain washers. Consequently, the early stages the tests, the web 
Specimen S-1 was somewhat more effective than the web Specimen S-2. 

Beyond 300,000 the webs the three members appeared act some- 
what alike but, times, were quite erratic the bolted members because 
the slip the joints. When the toes the I-section began yield, 
greater share the total load was resisted the web each specimen. 
This, course, produced increase the web effectiveness. Then, 
general yielding progressed through the flanges, the webs became increas- 
ingly more effective until work-hardening the flanges began. work- 
hardening progressed across the webs, the effectiveness the webs ap- 
peared decrease. 

should noted that the straight line approximations used for the 
strain distributions Fig. may somewhat error for loads greater 
than 350,000 lb. However, the available data not seem justify any 
further refinements. should also noted that the web depth was con- 
sidered 18-in. minus twice the mean thickness flange (See AISC 
Manual Steel Construction). 


Effectiveness Webs Failure 


When the test specimens failed, the fracture occurred through the net 
section only one the two joints the members. assumed that 
failure the other joint was incipient, approximation the effective- 
ness the parts the I-section failure can obtained from the prop- 
erties the material the critical section the unfractured joint. 

The properties these intact joints were studied means “retest” 
coupons which were cut from the critical section (first transverse row 
fasteners). Seven these retest coupons were taken from the web the 
first transverse row fasteners each the three specimens. These 
coupons were milled flat and tested using 2-in. high sensitivity extensom- 
eter determine accurately the “break” (defined here the yield 
strength) the stress-strain curves for these retest coupons. 

When the original coupons from the I-section material were tested, the 
actual least cross-sectional areas were determined each load increment. 
From these data the “true stress” (based the actual coupon area), were 
ascertained. comparing both the original true stress-strain curves and 
the stress-strain curves the “retest” coupons was possible deter- 
mine approximately the effectiveness the webs when failure occurred. 

The principal step determining the efficiency effectiveness the 
web was determine the average magnitude stress the web when the 
member failed. The manner which this was done may seen Fig. 14. 
The material across the critical section the unfractured connection was 
strained into the work-hardening range during the test. This resulted ina 
reduction the thickness the material the section used for the retest 
coupons. Consequently, the yield strengths determined from the retest 
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coupons correspond points the “true stress-strain” curves the 
original material. The permanent strain position the origin the 
“stress-strain” curves the retest coupons was determined sliding the 
retest curves over the “true stress-strain” curves until the yield strengths 
coincide with the latter curves. The maximum nominal axial strains 
reached failure could then approximated. These nominal strains were 
then used evaluate the maximum engineering stresses which the vari- 
ous parts the web each member had been subjected during the test and 
the magnitude the load carried the web failure. 

The yield strengths the retest coupons Specimens S-1, S-2, and S-3 
are shown Fig. 15. evident this diagram that the yield strengths, 
and consequently, the maximum strains failure were very similar for 
the webs Specimens S-1 and S-2. The yield strength distribution for 
Specimen S-3 was different, but should remembered that the material 
Specimen S-3 was riveted first and then bolted after the rivets had 
failed shear. This multiple testing and refastening with bolts undoubtedly 
had influence the strain distribution the web failure. 

The estimated axail stresses (engineering stresses) across the critical 
section Specimens S-1, and S-3 failure are shown Fig. 16. The 
ultimate strengths the original coupons from this section are also plotted 
the diagram. From these data appears that failure occurred when the 
maximum stress the web near the web-flange junctions reached the 
ultimate coupon strength. This observation similar observations 
which have been made other tests flat plate specimens and may aid 
greatly explaining the structural joints failure. 

With the data available, the efficiencies may broken down into the ef- 
ficiencies the components each section, the web and the flanges. The 
efficiency the web specimen the ratio the load resisted the 
web failure the computed ultimate web resistance, based the coupon 
strength. similar manner, the efficiency the flanges can 
determined. 

The efficiencies the webs failure were determined from the areas 
under the “engineering-stress” distribution diagrams Fig. 16. Then the 
efficiencies the flanges each specimen could computed, because the 
flange efficiency times the flange area plus the web efficiency times the 
web area must equal the test efficiency the specimen times the gross 
area the section. the basis this relationship the efficiencies the 
component parts the I-section the three specimens were found 
shown the table the following page. 

Neglecting Specimen S-3 because the multiple loadings, one finds that 
the webs were approximately percent efficient even though there were 
holes them, the flanges were about 67.5 per cent efficient, and the net 
area the flanges was about 68.8 per cent the gross area the flanges. 
Thus, the flanges developed almost the full strength the flange material 
determined the original coupon tests, whereas the web material 
developed only per cent the strength the material. 


General Observations 


The limited tests described this paper lead the following conclu- 
sions for the behavior I-beam tension connections. 

The principal difference the behavior the bolted joints with 
without 1:6 beveled washers was the manner which the joints slipped 
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Specimen Load Specimen Test Web Flange 
No. Failure Efficiency Efficiency Efficiency 
Pounds Percent* Percent* Percent* 


8-1 798 ,000 73-9 80.9 67.4 
808 ,000 82.8 67.6 
760,000 (a) 

816,000 (b) 75.6 

870,000 (c) 80.6 74.1 86.6 


Theoretical Efficiency percent 


(a) Failed shearing the rivets one joint. All rivets 


this joint replaced bolts. 
Failed shearing the rivets the second joint. All 
rivets this joint replaced bolts. 
(c) Tension failure section through the holes. 


minimum ultimate coupon strength 67,700 psi was used 


compute efficiencies. 


into bearing. The joints assembled with beveled washers appeared slip 
into full bearing loads which were quite consistent and much above the 
normal working loads, while the joints with only flat washers required the 
same load one case and load considerably greater the second joint 
pull the connection into bearing. Thus, there may advantages, other than 
the reduction cost, assembling joints without beveled washers. How- 
ever, further testing necessary demonstrate where the beveled 
washers are necessary under other conditions than the few considered 
these tests. 

The distribution strains throughout the sections were not greatly 
affected the variation the type fasteners. the early stages the 
tests, however, the rivets did appear provide somewhat more uniform 
distribution stress throughout the web than did the bolts, and the bolts 
with the beveled washers appeared give little more uniform distribution 
than did the bolts with the plain washers. 

The strength the bolted joints this study appeared depend upon 
the minimum ultimate tensile coupon strength the material. The ma- 
terial minimum ultimate strength I-section will generally 
located the junction the web and flanges. 

Although the fianges these truss-type connections developed most 
the strength the available material, the reduced efficiency the web 
material resulted test efficiencies which were approximately per cent 
less than the theoretical (net section) efficiencies. 

Although many questions have been answered these few tests, would 
seem desirable pursue further the studies developed this investigation 
concerning the efficiency the components structural members and 
shapes. Such studies might well pursue such questions as: 

(a) What the effect the web depth-to-thickness ratio and the ratio 
the web-to-flange area the web effectiveness and efficiency 
I-section? 
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(b) What effect does the web have upon the efficiency flange? 

(c) How the mechanical properties the material affect the web ef- 
ficiency 

(d) How the efficiencies wide-flange and standard I-sections differ? 
These are but few the many remaining questions that might asked 
about the efficiency truss-type members. 
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FIG. FRACTURE SPECIMEN S-2 


FIG. FRACTURE SPECIMEN 


a 
¥ 
fo 
a 
ae 


FIG.8 FRACTURE SPECIMEN 
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BRITTLE LACQUER CRACK PATTERNS 
GUSSET PLATE AND SPECIMEN S-3 


659-19 


we 2 
a 


659-20 
4 


,400 LB. 


o 


AVERAGE BOLT TENSIONS AFTER TESTS 
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YIELD STRENGTH RETEST COUPONS, 
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FIG. YIELD STRENGTH DISTRIBUTION DIAGRAMS 
FOR RETEST COUPONS FROM SPECIMENS 
AND 
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ESTIMATED AXIAL STRESSES WEB SPECIMEN 
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FIG. ESTIMATED AXIAL ENGINEERING STRESS 
AND S-3 FAILURE. 
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